We report the prevalence and genotype distribution of human papillomaviruses (HPVs) among Japanese women with abnormal cervical cytology using the PGMY-CHUV assay, one of PGMY-PCR-based lineblot assays that was validated and shown to be suitable for the detection of multiple HPV types in a specimen with minimum bias. Total DNA was extracted from cervical exfoliated cells collected from 326 outpatients with abnormal Pap smears. Overall, 307 specimens (94%) were HPV-positive, 30% of which contained multiple genotypes. The prevalence of HPV DNA was 83% (49/59 samples) in atypical squamous cells of undetermined significance (ASC-US); 91% (20/22 samples) in atypical squamous cells, cannot exclude high-grade squamous intraepithelial lesion (ASC-H); 97% (130/134 samples) in low-grade squamous intraepithelial lesion (LSIL); and 99% (85/86 samples) in high-grade squamous intraepithelial lesion (HSIL). Three most frequent HPV types detected in HSIL were HPV16 (36%), HPV52 (24%), and HPV58 (14%). Our results suggest that multiple HPV infections are more prevalent in Japanese women than previously reported, and confirm that HPV52 and 58 are more dominant in their cervical precancerous lesions when compared to those reported in Western countries.
INTRODUCTION
Human papillomaviruses (HPVs) are the causative agents of cervical cancer, cervical intraepithelial neoplasia, and other anogenital cancers [1] . Among more than 100 HPV types so far identified, nearly 40 types infecting the anogenital mucosa are classified as either low-or high-risk types on the basis of their oncogenic potential [2] . A previous large-scale epidemiological study identified 15 HPV types, HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82, which are closely linked to the development of cervical cancer [3] , with approximately 70% of cervical cancer cases worldwide attributed to HPV16 and 18 [4] . HPV-uninfected women [5, 6] . In Japan, the bivalent vaccine was first approved for use in 2009, followed by the quadrivalent vaccine in 2011, both being introduced with the expectation of reducing cervical cancer cases. However, previous epidemiological studies performed in Japanese women have shown variation in the proportion of HPV16 and 18 in cervical cancer, ranging from 50 to 70% [7] [8] [9] , which makes it difficult to predict the real impact of the HPV vaccination on cervical cancer prevention in the Japanese population.
Because currently available HPV vaccines are thought to be effective only for the vaccine-targeted types, precise determination of the HPV genotype distribution in cervical cancer and its precancerous lesions is needed for assessment of the vaccine efficacy and planning of future vaccination strategies. In 2006, the World Health Organization (WHO) established the HPV laboratory network (LabNet) with the aim of harmonizing and standardizing laboratory testing procedures to promote consistent laboratory evaluation of HPV-related disease burden and monitoring of the performance of HPV vaccines. Through a series of collaborative studies for standardizing HPV genotyping assays, the LabNet has recently described a PGMY-lineblot assay (PGMY-CHUV [10] ) as a reliable, low-cost HPV genotyping method [11, 12] . The PGMY-CHUV assay consists of PCR with biotinylated generic PGMY09/11 primers to amplify the HPV L1 region and subsequent reverse-blotting hybridization with type-specific DNA probes, and is suitable to detect multiple HPV types in a specimen with minimum bias [10, 13] . Most studies on the HPV genotype distribution in Japanese women, however, have relied on PCR of HPV DNA using a limited pair of L1 consensus primers, such as LC1/LC2 [7, [14] [15] [16] [17] [18] [19] [20] , which is less sensitive to detect multiple-genotypes infection compared to other PCR assays using type-specific primers, which might have resulted in less confident data on HPV prevalence in Japanese women.
In this study we examined the prevalence and distribution of HPV genotypes among Japanese women with abnormal Pap smears by using the PGMY-CHUV assay. The data indicate that multiple HPV infections are more prevalent in Japanese women than previously reported, and confirm that HPV52 and 58 are more dominant in cervical precancerous lesions of Japanese women than in those of Western countries' women.
MATERIALS AND METHODOLOGY

Study Population and Specimen Collection
From November 2009 to May 2011, we enrolled 1088 women who visited NTT Medical Center Tokyo, a regional medical center in Tokyo, as outpatients having some sort of symptoms or referred by primary care physicians for further examination. The women were subjected to the Papanicolaou (Pap) smear test, leading to diagnoses of 762 (70%) negative for intraepithelial lesion or malignancy (NILM) and 326 (30%) abnormal cytology cases, based on the criteria of the Bethesda System 2001 (Fig. 1) . Together with sampling Pap smears, cervical exfoliated cells were collected in Thinprep ® collection media by using a Cervex-brush ® combi for HPV genotyping. The women with abnormal cytology were further examined by colposcopy, and tissue specimens obtained by punch biopsy were histologically diagnosed. Among 86 HSIL cases, 53 cases were treated by cervical conization, and excised tissues were finally histologically diagnosed as 1 CIN1, 9 CIN2, and 42 CIN3 cases (Fig. 1) . All ICC cases diagnosed by the Pap test were finally histologically confirmed by tissue biopsy. The study protocol was approved by the Ethics Committee at NTT Medical Center Tokyo, and written informed consent for study participation was obtained from each patient.
HPV DNA Detection and Genotyping
Total DNA was extracted from a 200-μL aliquot of the suspended cell samples by using the QIAamp DNA Blood Mini Kit (Qiagen), resulting in the final elution volume of 100 μL Tris-EDTA buffer. Cross-contamination between samples during DNA extraction was evaluated by simultaneous extraction from only a collection medium. A 3-μL aliquot of the purified DNA was then used for PCR amplification with AmpliTaq Gold ® polymerase (GE Healthcare Bio-Sciences), biotinylated PGMY09/11 primers, to amplify the L1 DNA of >40 HPV genotypes, and biotinylated HLA primers, to amplify cellular HLA DNA. Positive control (0.1 pg/mL of HPV16 DNA as a plasmid) and negative control (dH 2 O) were included in every 50 PCR reactions to verify the sensitivity of PCR and monitor contamination of HPV DNA in reagents. The PCR products were run on 1.5% agarose gels to assign the positivity of HPV DNA amplification and to confirm the integrity of the extracted DNA as amplification of HLA DNA. Reverse blotting hybridization was done as described in the Human Papillomavirus Laboratory Manual published by the WHO [11] . Briefly, 15-μL denatured PCR products were allowed to hybridize with oligonucleotide probes specific for 31 HPV types (HPV6, 11 , and 84) immobilized on a Biodyne C membrane (Pall corporation) using a Miniblotter MN45 (Immunetics, Cambridge, MA, USA). The hybridized DNA was detected using streptavidin-HRP (GE Healthcare Bio-Sciences, Piscataway, NJ, USA) and ECL detection reagent (GE Healthcare Bio-Sciences). After reading positive signals, PCR-positive but hybridization-negative samples were Fig. (1) . Overview of study population. n indicates numbers of patients.
further subjected to direct sequencing of the PGMY PCR products with the PGMY11 primer. Our typing capability using the PGMY-CHUV assay was approved as proficient in the HPV DNA proficiency panel studies conducted annually by the WHO HPV LabNet [12] .
Statistical Analysis
To test differences between population proportions, Pearson's chi-squared test with Yates' continuity correction was performed using R version 2.11.1. Two-sided P values were calculated and considered to be significant at less than 0.05. Confidence intervals (CI) at 95% level for population proportions were calculated using R based on the assumption of the F distribution.
RESULTS
The overall prevalence of HPV DNA among 326 women with abnormal Pap smears (age 17 to 84, mean age ± standard deviation: 38.9 ± 10 years) was 94.2% (307/326) ( Table 1 ). The study subjects were stratified based on their cytological status. The mean age ± standard deviation in each status was as follows: atypical squamous cells of undetermined significance (ASC-US), 38.3 ± 9.4 years; atypical squamous cells, cannot exclude high-grade squamous intraepithelial lesion (ASC-H), 38.8 ± 9.8 years; low-grade squamous intraepithelial lesion (LSIL), 37. Overall, among the 307 HPV-positive women with cervical abnormalities, HPV16 (21.2%), HPV52 (20.2%), and HPV58 (14.7%) were predominantly detected, which was followed by HPV56 (8.3%), HPV51 (7.4%), and HPV31 (7.4%) ( Table 2 ). The genotype distribution varied with the status of lesion abnormalities: in ASC-US, HPV52 (20.3%), HPV16 (15.3%), HPV58 (13.6%), and HPV53 (10.2%); in ASC-H, HPV52 (40.9%), HPV16 (22.7%), HPV58 (18.2%) and HPV31 and HPV51 (13.6%); in LSIL, HPV58 (17.2%), HPV52 (16.4%), HPV56 (14.9%), HPV16 (10.4%), and HPV66 (9.7%); in HSIL, HPV16 (36.0%), HPV52 (24.4%), HPV58 (14.0%), HPV31 (11.6%), and HPV18 and HPV51 (9.3%). Comparison of the detection rate of high-risk types between LSIL and HSIL showed that HPV16 and 31 were significantly more prevalent in HSIL (p = 0.00001 for HPV16, and 0.046 for HPV31), while the reverse was observed for HPV56 and 66 (p = 0.013 for HPV56, and 0.025 for HPV66) (Fig. 2a) . Sequencing of PCR-positive and hybridization-negative samples (X in Table 2 ) identified HPV types not included in the probes on the typing membrane: HPV61, 62, 67, 71, 74, 86, 87, and 90, all of which belong to the low-risk genotype.
Multiple HPV genotypes were detected in 29.6% of total HPV-positive subjects (91/307) ( Table 3 (24/27) ; and ICC, 100% (2/2). The 2 cases of multiple infections in ICC were coinfections of HPV16 and 53, and of HPV31 and 53. Overall, the most frequent combination of multiple infections was coinfection of HPV16 and 52 (9.9%), followed by co-infection of HPV52 and 58 (9.9%). As shown in Fig. (3) , the proportion of HPV16 and/or 18 infections without other high-risk HPVs was significantly higher in HSIL than in LSIL (p = 0.0002), and was further higher in ICC than in HSIL (p = 0.045). Conversely, the proportion of high-risk HPV infections other than HPV16/18 was significantly lower in HSIL than in LSIL (p = 0.026), and was slightly lower in ICC compared to HSIL (but not statistically significant). The proportion of multiple infections of HPV16 and/or 18 with other high-risk HPVs was highest in HSIL (15.1%), but was lowest in ICC (4.0%). Among the 307 HPV-positive women, high-and low-risk genotypes were detected in 281 (91.5%) and 46 (15.0%) women, respectively, and 26 (8.5%) women were infected with both types.
In the 86 subjects of HSIL, 42 women (mean age ± standard deviation: 38.6 ± 6.1 years) were histologically diagnosed as CIN3 by cervical cone biopsy (see Fig. 1 ). The detection rate of high-risk HPV DNA in the CIN3 cases was 100%, 33.3% of which corresponded to multiple infections (14/42). Three most frequent genotypes in the CIN3 cases were HPV16 (45.2%), HPV58 (19.0%), and HPV52 (14.3%) (Fig. 2b) . Among the 25 cases of ICC, 20 cases were histologically diagnosed as squamous cell carcinoma (SCC), whereas the remaining 5 cases were determined as adenocarcinoma. In SCC, HPV16 and 18 were detected in 40.0% and 10.0%, respectively (Fig. 2b) . In the 5 cases of adenocarcinoma, HPV16 was singly detected in 2 cases, and HPV18 was singly detected in 2 cases, whereas no HPV DNA was detected in one case.
DISCUSSION
This study provides the first data on the prevalence of HPV DNA and the distribution of HPV genotypes among Japanese women with abnormal cervical smears using a highly sensitive genotyping assay that was recently validated by the HPV LabNet. The detection rates of HPV DNA were 97.0% (95% CI = 93.7% to 100%) in LSIL and 98.8% (95% CI = 92.5% to 99.2%) in HSIL, which are higher than those reported in a previous meta-analysis of studies in Japan: 79.4% in LSIL and 89.0% in HSIL [21] . With regard to multiple infections, the overall detection rate was 29.6%
(95% CI = 24.6% to 35.1%) in women with cervical abnormalities, which is also higher than a previous report: 11.3 to 18.5% in Japanese CIN patients [15] . The increased detection rate of multiple infections likely reflects a higher sensitivity of the PGMY-CHUV assay to detect multiple infections without inter-type PCR competition compared to other genotyping methods used in previous studies in Japan, such as the L1C1/L1C2 primer system [13] , and/or higher performance of AmpliTaq Gold ® polymerase to amplify multiple HPV DNAs with the PGMY primers compared to other PCR enzymes [22] .
The positivity of HPV DNA in ASC-US (83.1%, 95% CI = 71.0% to 91.2%) in this study seem to be higher than those reported in studies for cervical low-grade lesions in the US (61%) [23] and in Sweden (63%) [24] . This difference is likely due to the characteristics of our study population, which was not selected from primary screening programs but enrolled from outpatients mostly referred by primary care physicians due to abnormal cytology results. Furthermore, strict assignment of ASC-US cases in this study population, which is presumed to be relatively more HPV-positive than normal population, might have led to the high positivity of HPV DNA in ASC-US.
The previous meta-analysis of the HPV type prevalence in Japan showed that three most frequent genotypes in HSIL were HPV16 (34.3%), HPV52 (15.0%), and HPV58 (6.7%) [21] . In this study, the order of top three frequent HPV types in HSIL was the same with that reported in the metaanalysis, but more HPV52 (24.4%, 95% CI = 15.8% to 34.9%) and HPV58 (14.0%, 95% CI = 7.4% to 23.1%) were detected in this study. Given that the PGMY-CHUV assay exhibits a higher sensitivity and specificity for detection of HPV52 and 58 in multiple infection specimens [13] , the previous surveys may have underestimated the prevalence of these genotypes. This may be also true of the HPV type distribution in LSIL cases. The meta-analysis revealed that five most frequent HPV types in LSIL were HPV16 (13.8%), HPV52 (11.1%), HPV51 (9.8%), HPV56 (9.0%), and HPV58 (5.8%) [21] , but reported lower distribution rates for HPV52, 56, and 58, compared to those detected in this study: HPV52 (16.4%, 95% CI = 10.6% to 23.8%), HPV56 (14.9%, Fig. (3) *, Numbers of patients. **, Percentages relative to the total number of HPV-positive patients in each cytological group. ***, Percentages relative to the total number of multiple-types infected patients in each cytological group.
